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ABSTRACT OF THE DESCLOSURE 
A method of heating a sample material to a high tem 

perature by the use of a relatively low power nuclear re 
actor, which comprises the steps of inserting a test fuel 
rod including the sample material into the reactor core 
and repeatedly operating the reactor with relatively short 
repetition cycles to obtain multiple pulse outputs, said 
repetition cycles being set to satisfy the conditions that 
the thermal flux through the covering tube of the test 
fuel rod lowers sufficiently during each cycle, but that the 
temperature of the sample material hardly lowers. Ac 
cording to this method, a neutron bombardment test of 
the sample material can be effected in the state that the 
sample material is heated to a high temperature without 
fusing nor harming the covering tube or the other compo 
nents of the reactor core. 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to an improvement in a method 
of neutron bombardment test of various materials in a 
high temperature utilizing a relatively low power nuclear 
reactor, and more particularly to a method of heating 
a sample material inserted into the reactor core to desired 
temperatures without fusing or harming the other com 
ponents in the reactor core. 

Description of the prior art 
In order to study the change in the characteristics of 

materials by neutron bombardment, sample materials to 
be studied are often inserted into a core of a nuclear re 
actor. Also, widely employed is a method in which a 
pulsed high output state is produced for a short time in a 
reactor core by operating the reactor for pulse output 
and a high density neutron bombardment is effected dur 
ing this pulsed operation. 
The pulse output operation of a reactor is done by 

rapidly giving a large positive reactivity to the core 
(usually withdrawing a control rod rapidly). Namely, 
when a large reactivity in a step form is given to the core, 
the reactor output rapidly increases at first, but it begins 
to lower after some interval, thus producing a short pulse 
output. This arises from the fact that the fuel temperature 
increases with the increase in reactor output while the re 
activity is suppressed by the known Doppler and Void ef 
fects. When the reactor output lowers and accordingly the 
fuel temperature lowers, the suppression effect (self-con 
trol effect) of the reactivity described above becomes 
weak. Now, when the above reactivity is maintained 
(namely, the control rod is held withdrawn), the reactor 
output increases again, so that, for the sake of safety, 
after one pulse output operation either the above re 
activity is removed (namely, the control rod is inserted 
again into the core) or another large negative reactivity 
is given (namely, another control rod is inserted deeply 
into the core) to stop the operation of the reactor. 

According to such a pulsed operation, a high instan 
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2 
taneous peak thermal output of about several hundred 
mW. can be produced sufficiently safely even in a low out 
put power nuclear reactor of a rated capacity of about 
100 kw. Thus, the above method makes it possible to per 
form a neutron bombardment test of a sample material 
at a high temperature and with a high neutron flux 
density. 

For example, when a melting test of a sample material 
is desired, the sample material must be heated to the melt 
ing point thereof. In the pulsed operation described above, 
the temperature produced in the core becomes higher as 
the reactivity given to the core is made larger, but when 
the core temperature becomes high, the material in the 
core except for the sample material (such as the fuel rod 
or other components) may be fused or harmed. For ex 
ample, when the melting test of a UO2 pellet is to be done 
in the reactor core, the required temperature is as high as 
about 2800° C. At this temperature, the other fuel rods 
may also be fused. The term "melting test” used in this 
specification implies a neutron bombardment test of a 
sample material at or around the melting point of the 
sample material. 

In the conventional method, the fuel rod and the mod 
erator are arranged so that only the fuel rod comprising 
the test material (hereinafter referred to as the test fuel 
rod) may be heated to a high temperature and the other 
fuel rods or components may not be heated to so high a 
temperature to avoid the damage of the fuel rods or com 
ponents other than the test fuel rod. Even in this method, 
the problem remains as to the damage of the test fuel 
rod itself. For example, when a thermal output sufficient 
to fuse the UO2 pellet inserted into the test fuel rod is 
produced by one-cycle pulse output operation, the thermal 
flux through the covering tube (made for example of 
stainless steel) of the test fuel rod may exceed the safety 
limit to damage the covering tube and the radioactive 
materials inside thereof may be dispersed in the core. 

Thus, the conventional method sets a limitation to the 
temperature to be given to a sample material in the test 
fuel rod without harming the covering tube, and thus a 
melting test of refractory or high melting point materials 
such as UO2 or tungsten pellets has been practically im 
possible. 

SUMMARY OF THE INVENTION 
An object of this invention is to provide a method of 

heating a test material to a required high temperature 
without fusing or harming a covering tube sealing the test 
material or the other components in a reactor core and 
performing a high density neutron bombardment test on 
the test material. 

In order to achieve the above object, a pulsed opera 
tion of the reactor is effected repetitively with a predeter 
mined time interval to increase the temperature of the test 
material in the core and to suppress the thermal flux 
through the covering tube sealing the test material within 
a limit or critical value. Namely, in this invention, the 
second pulsed operation is effected under such a state 
after the first pulse operation cycle that the thermal flux 
through the covering tube sealing the test material lowers 
sufficiently, but the temperature of the test material does 
not lower yet. Thus, the temperature increase in the test 
material is superimposed and only the test material is 
heated to a required high temperature while the thermal 
flux through the covering tube is maintained below the 
critical value. 

BRIEF EDESCRIPTION OF THE DRAWING 

FIG. 1 is a longitudinal sectional diagram showing a 
schematic construction of a swimming pool type nuclear 
reactor suitable for performing the method of this inven 
tion, 
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FIG. 2 is a diagram showing an example of the neutron 
flux distribution in the core of the nuclear reactor shown 
in F.G. 1. 

FIGS. 3a and 3b and FIGS. 4a, 4b and 4c are diagrams 
explaining the operation of a reactor control mechanism 
for performing this invention. 

FIGS. 5 and 6 are fragmentary longitudinal sectional 
diagrams showing an example of the structure of a test 
fuel rod into which a test material is inserted. 

FIG. 7 is a diagram showing time variations in the 
thermal output of the reactor, the temperature of the 
center of the test fuel rod and the thermal flux through 
the fuel covering tube when this invention is performed. 

FIG. 8 is a diagram showing the relation between the 
reactivities and time according to this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a schematic construction of a swimming 
pool type nuclear reactor for neutron bombardment suit 
able for a pulsed operation, in which numeral 1 designates 
a coolant pool, 2 designates a concrete shielding wall, 3 
designates a reactor core, 4 indicates a pulse control rod, 
5 indicates a driving mechanism for the control rod, and 
6 designates a test fuel rod sealing a test sample material. 
The test fuel rod 6 may be a rod which is formed by 

placing a test sample material 14 between fuel pellets 
12 contained in a covering tube 1 as shown in FIG. 5 
and wherein a gas such as helium gas is contained in a 
gap 13 provided between these and the covering tube 11, 
or a rod in which another helium gap is provided be 
tween the fuel pellet 2 and the test material 14 as shown 
in FIG. 6 to reduce the thermal dissipation from the test 
material. The test material 14 may be a fuel element 
Such as UO2 pellets or a refractory metal such as tung 
sten, but the following description refers to the UO 
pellets as a test material and the case of melting test 
thereof will be explained. 

In the core 3 described above, the amount of modera 
tor (light water) is made larger at a particular point near 
the center of the core than at any other place by suitably 
selecting the arrangement of fuel rods, by which the rate 
of neutron absorption by the fuel element becomes smaller 
at the above particular point than at any other place to 
increase neutron flux density at that point. 

FIG. 2 shows an example of the neutron flux distribu 
tion obtained in this way, in which a neutron flux peak of 
factor 2.5 compared with the average neutron flux level 
is formed at the center of the core. Now, by inserting a 
test fuel rod into the position of the neutron flux peak, a 
higher density neutron bombardment can be effected at a 
higher temperature at the center position than at other 
positions. 
The pulse output operation of the reactor is carried 

out by rapidly moving the pulse control rod 4 with the 
control rod driving mechanism 5 and giving a step form 
of large positive reactivity to the core. FIGS. 3a and 3b 
show an example of the control mechanism for the pulsed 
operation, in which the pulse control rod 4 consisting of 
a neutron absorber is connected through a control lever 
7 to a piston 9 moving in a cylinder 8 and the control 
rod 4 is moved in and out of the core 3 by moving the 
piston 9 with compressed air. Namely, when compressed 
air is sent from an upper inlet 10 of the cylinder 8, the 
control rod 4 is inserted into the core as shown in FIG. 
3a, and the reactor stops in this state. When compressed 
air is sent from a lower inlet 10' on the contrary, the con 
trol rod 4 is withdrawn to a position as shown in FIG. 
3b and a positive reactivity is given to the core. 
The above description refers to the case where the pulse 

control rod 4 is made of a neutron absorber, but the con 
trol rod 4 may be formed by a fission material (such as 
fuel element) which gives a positive reactivity when it is 
inserted into the core. 

This invention includes either case, but the case where 
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4 
the control rod 4 is formed of a neutron absorber will 
be described below. 

In the reactor as described above, when the pulse con 
trol rod 4 inserted into the core is pulled out in about 0.2 
second to give an excess reactivity of 1.3% to the core, 
there are obtained time variations of the central tem 
perature of the test fuel element (UO2 pellet) contained 
in the test fuel rod 6 inserted into the position where the 
neutron flux density is about 2.5 times the average neu 
tron flux level, of the thermal flux across the covering tube 
and of the thermal output power as shown in FIG. 7. It 
is seem from the figure that the thermal output has a 
sharp pulse waveform and the peak value is about 200 
mw. The peak value of the central temperature of the 
test fuel rod is about 2300° C. and the peak value of the 
thermal flux 180 cal./cm. Sec. Now, since the melting 
point of the test fuel element (UO pellet) is about 2800 
C., it is impossible to perform a melting test of the test 
fuel element under such conditions. 

If the reactivity given to the core is made larger, it is 
possible to make the peak value of thermal output larger 
and to enhance the central temperature of the test fuel 
element. However, if the reactivity is made too large, the 
thermal flux through the covering tube exceeds the critical 
value and the covering tube may be damaged. According 
to the experiment, the upper limit (safety limit) of ther 
mal flux for avoiding the breakdown of the covering tube 
made of stainless steel is about 200 cal./cm.2 sec. When 
the central temperature of the test fuel element is to be 
raised to 2800° C. by single pulsed output operation with 
a larger reactivity, the peak value of the thermal flux 
through the covering tube becomes about 230 cal/ 
cm.sec. and far exceeds the critical value (200 cal./ 
cm...sec.) described above. 

Thus, according to the conventional method of one 
pulsed operation, it has been difficult to fuse the test fuel 
element in the covering tube without harming the cover 
ing tube. 

According to this invention, the pulsed output opera 
tion is repeated with short time intervals. Thus, it be 
comes possible to raise the temperature of the test fuel 
element to a value unachievable by the conventional 
method easily and safely without increasing the thermal 
flux through the covering tube above the critical value. 
The temperature distribution in the test fuel element 

after one pulsed operation is such that the temperature is 
higher at the periphery and lower at the center just after 
the reactivity is given, but the temperature at the center 
gradually rises relatively and the temperature at the pe 
riphery relatively lowers because of the low thermal con 
ducitvity of the fuel element. According to the experi 
ment, the temperatures at the center and at the periphery 
become nearly equal in about 0.4 second after the reac 
tivity is given. Then the temperature becomes higher at 
the center and lower at the periphery, namely the tem 
perature distribution is cone-shaped. In the cone-shaped 
temperature distribution state, the difference between the 
temperatures at the center and at the periphery amounts 
to about 1000 C. at maximum. Thus, though the tem 
perature at the center of the fuel element hardly lowers, 
the temperature at the periphery rapidly lowers. Accord 
ingly, the thermal flux through the covering tube rapidly 
lowers together with the peripheral temperature. 

In an example shown in FIG. 7, the temperature at 
the center of the test fuel element is still 1900 C. about 
three seconds after the first reactivity is given, while the 
thermal flux through the covering tube is already reduced 
to 40 cal/cm2 sec. 

In the conventional method, the reactor is stopped for a 
Sufficiently long time for safety after one pulsed opera 
tion, the central temperature of the fuel element is lowered 
sufficiently, and only then the next pulsed operation is 
performed when required. However, according to the 
above consideration, it is not necessary to stop the re 
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actor as long as the thermal flux through the covering 
tube is kept sufficiently small. 
According to this invention, the Subsequent pulsed op 

eration is performed when the thermal flux through the 
covering tube sufficiently lowers after the first pulsed op 
eration, but before the temperature at the center of the 
test fuel element does not lower too much. Thus, the 
thermal flux through the covering tube is always Sup 
pressed within a critical value while the temperature in 
crease of the test fuel element is superposed. 

For example, when a reactivity of 1.3% is given at first 
and a reactivity of 1.1% is given after three seconds as 
shown in FIG. 7, the temperature at the center of the 
fuel element and the thermal flux through the covering 
tube increase again at 1900 C. and 40 cal./cm. Sec, re 

O 

15 
-spectively. (When the second reactivity is not given, they . 
continue to lower as shown by the broken lines.) 

After the second reactivity is given, the peak thermal 
output becomes about 130 mw., the peak value of the 
temperature at the center of the test fuel element be 
comes 2800 C., and the full element begins to fuse. If 
the test fuel element does not fuse, the temperature at 
the center of the fuel element rises to 3200° C. The peak 
value of the thermal flux through the covering tube is 
120 cal/cm2 sec. in this state, which is sufficiently lower 
than the critical value of 200 cal/cm2 sec, and the cover 
ing tube is safe from damage. 

Thus, according to this invention, the pulsed output 
operation of the reactor is repeated with relatively short 
time intervals under the condition that the thermal flux 
through the covering tube may not exceed the critical 
value. Thereby the temperature increase of the test fuel 
element is superposed and the test fuel element is heated 
to a desired high temperature without harming the 
covering tube. 

It is preferable for producing a desired high temperature 
to make the reactivity as large as possible within the range 
where the thermal flux through the covering tube does 
not exceed the critical value, but it is also possible to 
obtain a required high temperature by the thermal accu 
mulation effect of the test fuel element if the repetition 
rate of the pulsed operations of the core is increased when 
the reactivity to be given is small. Namely, the number 
of pulsed operations in this invention is not limited to 
two, but more than two repeated cycles are allowed. 
The thermal accumulation effect of the test fuel ele 

ment becomes more effective if the thermal radiation 
from the test fuel element is made smaller by, for exam 
ple, increasing the gap between the test fuel element and 
the covering tube and thus the thermal flux through the 
covering tube is reduced. F.G. 6 shows an example of 
such a fuel rod structure. 
Though the above description referring to the case 

where a UO pellet is used as test material and the melting 
test thereof is performed, other solid materials (for exam 
ple, refractory metal such as tungsten, ceramics, etc.) may 
naturally be used as the test material. In any case, this 
invention makes it possible to heat the test material to a 
high temperature unachievable up to now. 

In order to perform a pulsed output operation of a 
reactor repeatedly, it is necessary to give a reactivity 
repeatedly in a step form with a short time interval. This 
process is performed as follows. Namely, the single pulse 
control rod 4 is pulled out of and pushed into the core 3 
repeatedly with the control mechanism as shown in FIGS. 
3a and 3b, or the plurality of pulse control rods 4 and 
4' are subsequently pulled out of the core 3 with separate 
driving mechanisms 5 and 5 as shown in FIGS. 4a, 4b 
and 4c, thus giving a plurality of step reactivities. Further, 
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6 
needless to mention, it is possible to compose the pulse 
control rod of a fission material instead of a neutron 
absorber. In this case, a positive reactivity is given when 
the rod is inserted into the core. 
When the reactivity is given for the second time, it is 

necessary to take into account the feedback reactivity of 
the core. In the example described above, the first reac 
tivity is 1.3% and the feedback reactivity after three Sec 
onds is -0.41%. Accordingly, if the first reactivity of 
1.3% is retained, the reactivity of the core becomes 
1.3-0.41-0.89% after three seconds. In the case, the re 
activity of 1.1-0.89=0.21% which is the shortage of re 
activity is sufficient as the reactivity given for the second 
time. When the reactivity of 1.3% given for the first 
time is eliminated at the time of giving the second 
reactivity, the reactivity in the core becomes -0.41% and 
the reactivity to be given for the second time becomes 
1.1-0.41=1.51% (or 1.3-1-0.21=1.51%). FIG. 8 shows 
such a relationship, wherein the abscissa indicates the 
time after the first reactivity is given and the ordinate 
indicates the reactivity in a logarithmic scale. In the figure, 
the curve a shows a (negative) feedback reactivity, the 
line b indicates the level of a first reactivity (1.3%), the 
line c indicates the reactivity (1.1%) to be given for the 
second time, the curve d indicates the reactivity to be 
given for the second time when the first reactivity (1.3%) 
is not eliminated, and the curve e indicates the reactivity 
to be given for the second time when the first reactivity is 
already eliminated. 
As has become apparent from the foregoing detailed 

description, the temperature increase of the test material 
inserted into the predetermined position of the core is 
superposed in this invention by repeating the pulsed out 
put operation of the reactor and thus only the test mate 
rial is heated to a required high temperature without 
harming the covering tube containing the test material or 
other components in the reactor core. Thus, this invention 
is particularly suitable when the melting test of a material 
is to be effected with a low output nuclear reactor. 
We claim: 
1. A method of heating a test material to a high tem 

perature under a condition that a thermal flux through 
a covering tube of a test fuel rod in which a test material 
and fuel elements are sealed does not exceed a critical 
value, which comprises the steps of inserting the test fuel 
rod into a core of a nuclear reactor capable of a pulsed 
output operation and repeating the pulsed output opera 
tion of said reactor with a predetermined time interval, 
said time interval being determined so that the thermal 
flux through the covering tube of said test fuel rod Sufi 
ciently lowers during said time interval, but that the tem 
perature of said test material hardly lowers during Said 
time interval. 

2. A method of heating a test material according to 
claim 1, wherein the fuel rod containing said test material 
is inserted into a position where the neutron flux density 
assumes a maximum peak value. 
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